Burkholderia pseudomallei, the causative agent of melioidosis, is a facultative intracellular gram-negative bacterium that is able to survive and multiply in macrophages. Previously, we reported that B. pseudomallei was able to escape macrophage killing by interfering with the expression of inducible nitric oxide synthase (iNOS). In the present study, we extended this finding and demonstrated that B. pseudomallei was able to activate the expression of suppressor of cytokine signaling 3 (SOCS3) and cytokine-inducible Src homology 2-containing protein (CIS) but not SOCS1 in a mouse macrophage cell line (RAW 264.7). The expression of SOCS3 and CIS in B. pseudomallei-infected macrophages directly correlated with a decreased gamma interferon (IFN-␥) signaling response, as indicated by a reduction in Y701-STAT-1 phosphorylation (pY701-STAT-1). Moreover, a reduction in the expression of IFN-␥-induced proteins, such as interferon regulatory factor 1 (IRF-1), was observed in B. pseudomallei-infected macrophages that were treated with IFN-␥. Since pY701-STAT-1 and IRF-1 are essential transcription factors for regulating iNOS expression, the failure to activate these factors could also result in depression of iNOS expression and a loss of macrophage killing capacity. Taken together, the data indicate that the activation of SOCS3 and CIS expression in B. pseudomallei-infected macrophages interfered with IFN-␥ signaling, thus allowing the bacteria to escape killing by these phagocytic cells.
Burkholderia pseudomallei is a gram-negative bacterium that is responsible for a large proportion of community-acquired septicemia in several tropical areas, including Southeast Asia and northern Australia (41, 13) . This organism is able to survive and multiply inside both phagocytic and nonphagocytic cells (19) . After internalization, the bacterium can escape from a membrane-bound phagosome to the cytoplasm, thus facilitating actin-associated membrane protrusion, which may facilitate its spread from one cell to another (18, 19, 21) .
Although macrophages are known to play a major role in innate immunity to a number of bacterial infections, B. pseudomallei can survive and multiply inside macrophages (38) . Unlike macrophages infected with other gram-negative bacteria (e.g., Salmonella enterica serovar Typhi), B. pseudomallei-infected macrophages are not able to activate inducible nitric oxide synthase (iNOS) expression (38) . We previously reported evidence suggesting that the failure to induce iNOS expression may result from an inability to activate beta interferon (IFN-␤) production, leading to reduced interferon regulatory factor 1 (IRF-1) and iNOS expression (39) . Addition of exogenous IFN-␤ or IFN-␥ at the time of bacterial challenge restored the macrophages' ability to activate both IRF-1 and iNOS expression, which resulted in enhanced killing of intracellular B. pseudomallei (29, 39, 40) . These results demonstrated that under the appropriate conditions, IFNs play an essential role in stimulating the antimicrobial activity of macrophages in response to B. pseudomallei infection.
One common property of IFNs is to induce a transcriptional response through a JAK-STAT signal transduction pathway (12) . Once STAT-1 is phosphorylated, it is translocated into the nucleus to regulate transcription of promoters containing an IFN-␥-activated site (GAS) element (11, 15) . Several IFN-␥-responsive genes, including IRF-1 and iNOS genes, are known to function in macrophage antimicrobial activity (12, 17) . However, the macrophage response to IFNs can be influenced by the expression of suppressor of cytokine signaling (SOCS) proteins. Eight members of the SOCS protein family have been identified that serve as negative effectors of cytokine signaling via the JAK/STAT pathway, thus attenuating the macrophage response (1, 6) . SOCS1, SOCS3, and cytokineinducible Src homology 2-containing protein (CIS) have been shown to inhibit tyrosine 701-STAT-1 (Y701-STAT-1) phosphorylation (pY701-STAT-1) in response to IFN stimulation (3, 33) . In addition to cytokines, pathogens and their products can induce SOCS expression. For example, lipopolysaccharide (LPS) could induce SOCS1, SOCS3, and CIS expression in macrophages (10, 22, 30, 34) . Some pathogens could interfere with the host immune response by activating SOCS expression, leading to suppression of macrophage activation. For example, persistent Listeria monocytogenes infection of macrophages diminished IFN-␥-stimulated transcription and phosphorylation of STAT-1 (35) . The decreased IFN-␥ signaling also correlated with the induction of SOCS3 expression in the L. monocytogenes-infected macrophages. In the present study, we demonstrated that B. pseudomallei is able to stimulate SOCS3 and CIS expression in macrophages. The expression of these negative regulators in B. pseudomallei-infected macrophages correlated with a decrease in Y701-STAT-1 phosphorylation, which is normally stimulated by exogenous IFN-␥ and is essential for IRF-1 and iNOS production, thereby allowing B. pseudomallei to escape killing by the macrophages.
MATERIALS AND METHODS
Cell line and culture conditions. Mouse macrophage cell line RAW 264.7 was obtained from the American Type Culture Collection (Rockville, MD). Unless indicated otherwise, the cells were cultured in Dulbecco's modified Eagle's medium (Gibco Labs, Grand Island, NY) supplemented with 10% heat-inactivated fetal bovine serum (HyClone, Logan, UT) at 37°C under a 5% CO 2 atmosphere.
Bacterial strains. B. pseudomallei strain 844 used in this study was originally isolated from a patient admitted to Srinagarind Hospital in the Khon Kaen province of Thailand, where melioidosis is endemic. This bacterium was originally identified as B. pseudomallei based on its biochemical characteristics, colonial morphology on selective media, antibiotic sensitivity profiles, and reactivity with polyclonal and monoclonal antibodies (2, 20, 43) . S. enterica serovar Typhi, which was used for comparison throughout the experiments, was originally isolated from a patient at Ramathibodi Hospital (Mahidol University, Bangkok, Thailand).
Nonviable B. pseudomallei was prepared by heating the bacteria (10 8 CFU/ml) in a boiling water bath for 15 min. The heat-treated bacteria were washed three times with phosphate-buffered saline (pH 7.2) (PBS), and complete killing was confirmed by inoculating the suspension onto tryptic soy agar and observing growth after 48 h.
Infection of mouse macrophage cell line RAW 264.7. An overnight culture of mouse macrophages (1 ϫ 10 6 cells) in a six-well plate was cocultured with bacteria at a multiplicity of infection (MOI) of 2:1 for 1 h. To remove extracellular bacteria, the cells were washed three times with 2 ml of PBS, and residual bacteria were killed by incubating the preparations in Dulbecco's modified Eagle's medium containing 250 g/ml kanamycin (Gibco Labs) for 2 h. After this, the infection was allowed to continue in medium containing 20 g/ml of kanamycin until the experiment was terminated. The viability of the infected macrophages was determined by trypan blue staining and was found to be more than 90% during the time course employed in this study.
To determine intracellular survival and multiplication of the bacteria, a standard antibiotic protection assay was performed as previously described (21) . The intracellular bacteria were liberated by lysing the macrophages with 0.1% Triton X-100, and the released bacteria were plated on tryptic soy agar. The number of intracellular bacteria, expressed as CFU, was determined by bacterial colony counting.
Immunoblotting. Mouse macrophage preparations were lysed in buffer containing 20 mM Tris, 100 mM NaCl, and 1% NP-40. Lysate samples containing 30 g of protein were electrophoresed on a 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel and then electrotransferred to a nitrocellulose membrane (Schleicher & Schuell, Dassel, Germany). The membrane was blocked with 5% milk for 1 h before incubation overnight with appropriate specific polyclonal rabbit antibodies to mouse SOCS1, SOCS3, CIS, pY701-STAT-1, STAT-1, iNOS, IRF-1, or actin (Santa Cruz Biotechnology, Santa Cruz, CA). The blots were then allowed to react with horseradish peroxidase-conjugated swine anti-rabbit immunoglobulin G (Pierce, Rockford, IL). Protein bands were detected by enhanced chemiluminescence as recommended by the manufacturer (Roche Diagnostics, Mannheim, Germany).
Reverse transcriptase PCR. Total RNA was extracted from infected cells according to the manufacturer's instructions (Eppendorf, Hamburg, Germany) before it was used for cDNA synthesis with cMaster reverse transcriptase (RT) (Eppendorf). The PCR was performed using cDNA as the template and primer pairs specific for SOCS1, SOCS2, SOCS3, CIS, and actin in amplification reactions with Taq DNA polymerase (Invitrogen, Carlsbad, CA). The following primers were used to amplify the genes: for SOCS1, sense primer 5Ј-CACCTT CTTGGTGCGCG-3Ј and antisense primer 5Ј-AAGCCATCTTCACGCTGAG C-3Ј (9); for SOCS2, sense primer 5Ј-AGGCCCAGAAGCCCCAC-3Ј and antisense primer 5Ј-TTGGTAAAGGCAGTCCCCA-3Ј (10); for SOCS3, sense primer 5Ј-ATGGTCACCCACAGCAAGTT-3Ј and antisense primer 5Ј-AATC CGCTCTCCTGCAGCTT-3Ј; for CIS, sense primer 5Ј-GAACCGAAGGTGC TAGACCCT-3Ј and antisense primer 5Ј-TGTACCCTCCGGCATCTTCT-3Ј (10); and for actin, sense primer 5Ј-CCAGAGCAAGAGAGGTATCC-3Ј and antisense primer 5Ј-CTGTGGTGGTGAAGCTGTAG-3Ј. The amplified products were electrophoresed on a 2% agarose gel and stained with ethidium bromide before they were visualized under a UV lamp.
RESULTS
B. pseudomallei induces SOCS3 and CIS expression in mouse macrophage cell line RAW 264.7. Mouse macrophages were cocultured with bacteria at an MOI of 2:1 and incubated for 1, 2, and 4 h after infection. The levels of SOCS1, SOCS2, SOCS3, and CIS mRNA expression in the infected cells were determined by RT-PCR. Figure 1A shows that B. pseudomallei was able to activate the transcription of SOCS3 and CIS but not the transcription of SOCS1 and SOCS2. Expression of both SOCS3 and CIS was observed within 1 h of infection, and the levels gradually increased with time of incubation. By contrast, macrophages similarly infected with S. enterica serovar Typhi, which was used as a reference for comparison, could activate not only SOCS3 and CIS expression but also SOCS1 mRNA expression within 1 h after infection. SOCS protein expression as determined by immunoblotting (Fig. 1B ) of the infected cells was consistent with the mRNA results shown in Fig. 1A .
In order to determine if the expression of SOCSs by macrophages required viable bacteria, the cells were cocultured with heat-killed B. pseudomallei or S. enterica serovar Typhi at MOIs of 1:1, 10:1, and 100:1. After 8 h, the cells were harvested, and SOCS protein expression was assessed as described above. Figure 2 shows that exposure of macrophages to nonviable bacteria yielded SOCS and CIS expression patterns that were similar to those obtained with viable bacteria (Fig. 1B) , suggesting that SOCS expression does not require active invasion. The level of SOCS3 protein expression directly correlated with the degree of stimulation (MOI). It should be noted that, unlike macrophages cocultured with S. enterica serovar Typhi, macrophages cocultured with killed B. pseudomallei showed no SOCS1 expression even at an MOI as high as 100:1.
Cytokine activation is not a prerequisite for B. pseudomalleiinduced SOCS3 and CIS expression in macrophages. A number of cytokines, including interleukin-10 and tumor necrosis factor alpha (TNF-␣), have been reported to have the ability to induce SOCS expression (23) . We reported previously that TNF-␣ could be produced by macrophages infected with B. pseudomallei (38) . In order to rule out the possibility that the observed SOCS expression was not related to prior cytokine production, similar experiments were performed in the presence of an inhibitor of protein synthesis, cycloheximide. Macrophages were pretreated with cycloheximide (5 g/ml) for 1 h before infection, and the levels of SOCS3 and CIS mRNA were determined after 4 h of infection. It was found that the induction of SOCS3 and CIS mRNA expression was not affected by cycloheximide (Fig. 3A) . However, the levels of SOCS proteins were markedly reduced in the presence of the inhibitor (Fig. 3B) . This was not unexpected in view of the fact that cycloheximide is known to block protein synthesis in cells at the level of translation. It should be mentioned that cycloheximide at the concentration used in this experiment also B. pseudomallei infection interferes with activation of Y701-STAT-1 phosphorylation. In order to determine whether B. pseudomallei could stimulate Y701-STAT-1 phosphorylation, macrophages were first infected with B. pseudomallei at an MOI of 2:1 and incubated for different times following the initial infection, and pY701-STAT-1 was then detected by immunoblotting. No phosphorylation of Y701-STAT-1 was observed in macrophages infected with B. pseudomallei, while pY701-STAT-1 was detected within 2 h in S. enterica serovar Typhi-infected macrophages (Fig.  4A) . However, the presence of neutralizing antibody against IFN-␤ markedly reduced the level of pY701-STAT-1 in S. enterica serovar Typhi-infected macrophages (Fig. 4B) . These results suggest that in S. enterica serovar Typhi-infected macrophages, the phosphorylation of Y701-STAT-1 was mediated through the production of IFN-␤. Because B. pseudomallei is unable to induce IFN-␤ production (39), it is possible that the absence of an IFN-␤ signal is responsible for the inability to activate phosphorylation of Y701-STAT-1 in B. pseudomallei-infected cells. In fact, we have limited data for exogenous IFN-␤ that support the possibility described above (data not shown).
Exogenous IFN-␥ added after B. pseudomallei infection fails to induce phosphorylation of Y701-STAT-1. IFN-␥ is known to play an essential role in macrophage activation by signaling through STAT-1 (32), and both SOCS3 and CIS have been reported to interfere with IFN-␥ signaling by inhibiting Y701-STAT-1 phosphorylation (3). In order to determine whether induction of SOCS3 and CIS in B. (38, 39) . Induction of both IRF-1 and iNOS expression in uninfected cells is known to require prior phosphorylation of Y701-STAT-1 (15, 34) . Therefore, it was of interest to determine if the depressed pY701-STAT-1 level in B. pseudomallei-infected macrophages (Fig. 4) influenced the expression of IRF-1 and iNOS. In order to address this question, IFN-␥ was added to macrophage cultures either at the time of infection (costimulation) or 4 h after infection (poststimulation). IRF-1 and iNOS expression was then determined 4 h after the addition of IFN-␥. Consistent with our previous report (40) , IFN-␥ exposure alone was able to activate IRF-1 expression but not iNOS expression in uninfected cells (Fig. 6) . While B. pseudomallei infection alone in the absence of IFN-␥ failed to activate expression of IRF-1 and iNOS, the expression was observed when IFN-␥ was added to the cells at the time of infection (Fig. 6) . However, the levels of both IRF-1 and iNOS were noticeably reduced when IFN-␥ was added 4 h after the cells were infected. These results suggested that the host cell response to IFN-␥ was suppressed in B. pseudomallei-infected macrophages and that the suppression required time to become established. The suppression of both IRF-1 and iNOS correlated with both the decrease in the pY701-STAT-1 level shown in Fig. 5 and the increased expression of SOCS3 and CIS shown in Fig. 1 .
Inability of IFN-␥ to enhance killing of intracellular B. pseudomallei in infected macrophages. Previously, we demonstrated that exogenous IFN-␥, when added to macrophages 
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at Penn State Univ on April 17, 2008 iai.asm.org either prior to or at the time of B. pseudomallei infection, could significantly enhance killing of intracellular B. pseudomallei, suggesting that this effect was likely attributable to the enhanced production of iNOS (40) . It was of interest to determine if postinfection incubation had any effect on the observed IFN-␥-induced enhanced killing. Costimulation and poststimulation of infected macrophages with IFN-␥ were performed as described previously (Fig. 6) , except that the number of viable intracellular bacteria was determined 4 h after IFN-␥ addition. Addition of IFN-␥ 4 h after infection failed to enhance the intracellular killing of B. pseudomallei. Viable intracellular B. pseudomallei levels were significantly higher in cells that were subjected to poststimulation with IFN-␥ than in cells that were costimulated at the time of infection (Fig. 7) . The failure of IFN-␥ to stimulate killing of intracellular B. pseudomallei when it was added to macrophages at 4 h postinfection correlated well with the reduced IRF-1 and iNOS expression shown in Fig. 6 .
DISCUSSION
The induction of SOCS expression and its significance have been extensively studied in recent years. For example, Leishmania donovani-infected macrophages were reported to induce SOCS3 expression that resulted in suppression of macrophage activation (4) . Activation of SOCS3 expression has also been reported in macrophages infected with gram-positive bacteria (e.g., L. monocytogenes and Staphylococcus aureus) (4, 35) . Induction of SOCS proteins by isolated bacterial components like LPS has also been demonstrated; however, very limited information on the regulation of these proteins in response to infection with gram-negative bacteria is currently available (7) . This study clearly demonstrated that there is a novel association between the intracellular gram-negative bacterium B. pseudomallei and the induction of SOCS3 and CIS expression in an in vitro mouse macrophage model (Fig. 1) . Expression of both SOCS3 and CIS mRNA was not affected in the presence of cycloheximide, suggesting that B. pseudomallei itself, and not the cytokines that it induced, was able to directly induce mRNA expression of these negative regulators (Fig. 3) . This finding is reinforced by the fact that cycloheximide at the pseudomallei at an MOI of 2:1 as described in Materials and Methods. In the postinfection stimulation (post) experiment, IFN-␥ (10 U/ml) was added 4 h after the cells were infected with B. pseudomallei. The infected cell cultures were incubated for one more hour before excess IFN-␥ was removed. The cell cultures were then incubated for a further 3 h, the macrophages were lysed, and the levels IRF-1 and iNOS in the lysates were determined by immunoblotting. For the costimulation (co) experiment, the macrophages were infected with B. pseudomallei in the presence of IFN-␥ (10 U/ml). After 1 h of incubation, the macrophages were washed three times with PBS and cultured for three more hours before the levels of IRF-1 and iNOS in the cell lysate were determined by immunoblotting.
FIG. 7. Inability of IFN-␥ to enhance antimicrobial activity of B.
pseudomallei-infected macrophages. The experimental protocol for this experiment was similar to that described in the legend to Fig. 6 , except that the viability of intracellular bacteria was determined and the results of poststimulation and costimulation conditions were compared. The data indicate the means and standard deviations of three separate experiments, each carried out in duplicate. The asterisk indicates that the P value is Ͻ0.01, as determined by Student's t test.
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at Penn State Univ on April 17, 2008 iai.asm.org concentration used was found to interfere with neither invasion nor intracellular replication of B. pseudomallei (data not shown). However, it was found that unlike other gram-negative bacteria, such as S. enterica serovar Typhi, B. pseudomallei failed to induce SOCS1 expression (Fig. 1) , suggesting that the mechanisms employed by these different gram-negative bacteria to modulate the macrophage response are different. Moreover, it appears that the induction of these negative regulators, at least in the B. pseudomallei system, did not require active invasion since the macrophage responses to viable and nonviable bacteria were similar (Fig. 2) . This finding is in accord with the results from other studies showing that purified LPS from other bacteria could also activate SOCS expression (3, 7, 34) . It is possible that the type of SOCS response to different gram-negative bacteria, as demonstrated for S. enterica serovar Typhi and B. pseudomallei in the present study, is related to differences in LPS structure. For example, LPS isolated from B. pseudomallei is known to have an unusual chemical structure in the acid-stable inner core region attached to the lipid A moiety (20) . This unusual LPS structure has also been shown to be a weak macrophage activator compared with the LPS isolated from other gram-negative bacteria, such as S. enterica serovar Typhi and Escherichia coli (20, 37) . It is tempting, therefore, to speculate that the cellular response associated with the expression of different SOCS proteins depends partly on signals generated from different pattern recognition receptors. The participation of a Toll-like receptor (TLR) in SOCS expression has received considerable attention recently. For example, it was reported that SOCS1-deficient mice exhibited increased LPS sensitivity and decreased endotoxin tolerance (22) , suggesting that SOCS protein might be involved in TLR signaling. It was subsequently demonstrated that the induction of SOCS3 and CIS, but not the induction of SOCS1, was MyD88 dependent (3). The ability of B. pseudomallei to induce SOCS3 and CIS but not SOCS1, together with its failure to stimulate IFN-␤ production (39) , is consistent with the possibility that B. pseudomallei may also activate macrophages via a MyD88-dependent pathway. The type(s) of TLR and/or non-TLR involved in the activation of macrophages has not been defined yet and is currently being investigated in our laboratory. The pivotal role of the transcription factor STAT-1 in the innate immune response against microbial infection is well documented (12) . STAT-1-deficient mice are highly sensitive to stimulation by intact organisms or isolated individual components (28) . Increased susceptibility to intracellular bacteria, such as Mycobacterium, has also been observed in STAT-1-deficient human macrophages (14) . Purified LPS has also been shown to activate phosphorylation of Y701-STAT-1 through TLR, and this correlated with IFN-␤ synthesis, suggesting that the activation of pY701-STAT-1 is mediated through type I IFN synthesized by LPS-activated cells (10, 24) . The data presented in this study which demonstrated that the gram-negative bacterium S. enterica serovar Typhi was able to activate Y701-STAT-1 phosphorylation after only 2 h of infection and that the process could be inhibited by neutralizing antibody against IFN-␤ (Fig. 4) lend support to this idea. In contrast to S. enterica serovar Typhi, B. pseudomallei failed to stimulate pY701-STAT-1 (Fig. 4) , a result that was consistent with the organism's inability to activate IFN-␤ production (39) . In addition to IFN-␤, IFN-␥ could also activate phosphorylation of STAT-1. Activation of this transcription factor is known to regulate SOCS1 expression (16) . By contrast, STAT-1-deficient mice could still activate SOCS3 expression in response to IFN-␥ stimulation, suggesting that SOCS3 gene regulation does not involve activation of STAT-1 (16) . It is possible that the inability of B. pseudomallei to activate SOCS1 expression in our study was also related to its inability to activate phosphorylation of STAT-1 ( Fig. 1 and 4) .
Of the different SOCS members that have been studied, SOCS1 is probably the most potent inhibitor of IFN signaling, and it acts by suppressing the phosphorylation of STAT-1 (5, 22) . SOCS3, on the other hand, is known to play an essential role as a negative inhibitor of interleukin-6, possibly by interfering with the activation of another transcription factor, STAT-3 (8, 25, 44) . Based on the data from the STAT-1 phosphorylation studies presented here, it appeared that SOCS3 and CIS could also inhibit IFN-␥ signaling, albeit to a lesser extent than they could with STAT-3 (3, 10) . Macrophages infected with L. monocytogenes also exhibited diminishing IFN-␥-induced Y701-STAT-1 phosphorylation (35) . A decreased response to IFN-␥ signaling in L. monocytogenes-and L. donovani-infected macrophages correlated with the induction of SOCS3 expression (4, 35) . In the present study, we demonstrated that the gram-negative bacterium B. pseudomallei interfered with IFN-␥-induced Y701-STAT-1 phosphorylation in a mouse macrophage system (Fig. 5) . The suppression of STAT-1 phosphorylation also directly correlated with the expression of SOCS3 and CIS (Fig. 1) . On the basis of all of the results, it is tempting to conclude that activation of SOCS3 and CIS expression in response to B. pseudomallei infection can interfere with IFN-␥ signaling, thus resulting in suppression of IFN-␥-inducing proteins (e.g., IRF-1 and iNOS expression) (Fig. 6 ). Both IRF-1 and iNOS are known to play a crucial role in controlling the fate of intracellular pathogens (27, 36) . In the present study, B. pseudomallei-infected macrophages not only failed to express both IRF-1 and iNOS but also failed to eliminate intracellular B. pseudomallei (Fig. 7) .
During the last few years, our group has been working on elucidating the mechanism by which B. pseudomallei modulates the innate host defense, thus allowing it to survive inside macrophages (38, 39) . This intracellular bacterium can invade macrophages without stimulating IFN-␤ production, which is an essential factor for IRF-1 and iNOS expression (39) . Failure to activate IRF-1 and iNOS provides the bacteria with the means to survive the antimicrobial activity of macrophages (38, 39) . However, exogenous IFN-␥ or IFN-␤ added prior to or at the time of infection could enhance both IRF-1 and iNOS expression and restore antimicrobial activity of these macrophages (40) . The protective role of IFN-␥ in the host defense against B. pseudomallei has been observed previously in animal models (31) . Administration of neutralizing antibody against IFN-␥ could significantly lower the 50% lethal dose and also increase bacterial burdens in the liver and spleen of these animals (31) . More recently, we demonstrated that the IFN-␥ level in the serum of infected BALB/c mice was significantly higher than that in the serum of uninfected mice, yet the high level of IFN-␥ failed to eliminate the bacteria from the blood, spleen, liver, and lungs and these animals subsequently died over the next 7 to 10 days (42) . The data for this animal model are in VOL. 73, 2005 B
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at Penn State Univ on April 17, 2008 iai.asm.org accord with the elevated level of IFN-␥ noted in patients with severe melioidosis (26) . Together, these results suggest that the presence of high IFN-␥ levels during ongoing B. pseudomallei infection is not sufficient to control the infection or to eliminate the bacteria from the infected host. The failure of IFN-␥ to protect the animals from fatal sepsis (42) could be explained by the ability of B. pseudomallei to activate negative regulator proteins, such as SOCS3 and CIS, as demonstrated in the present study. The expression of these proteins can interfere with IFN-␥ signaling via a STAT-1 pathway, making the infected macrophages unable to respond to IFN-␥. This, in turn, results in an inability to activate IFN-␥-responsive protein expression (i.e., IRF-1 and iNOS). Therefore, in addition to interference with proinflammatory cytokine production and antimicrobial activity, the results obtained in the present study provided evidence for another possible mechanism by which B. pseudomallei could modulate the macrophage bactericidal response, thus facilitating its intracellular survival, and may also explain the persistence of the organism in the human host and the high rate of relapse in melioidosis.
